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IMPORTANCE Metabolically healthy obesity (MHO) in children has been considered a low-risk
phenotype, potentially not requiring treatment. However, their long-term cardiometabolic
outcomes remain unclear.

OBJECTIVE To compare the occurrence of type 2 diabetes, hypertension, dyslipidemia, and
mortality up to young adulthood in children with metabolically healthy obesity (MHO),
metabolically unhealthy obesity (MUO), and general population peers, and to investigate the
association between obesity treatment response and disease risk.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective cohort study including children
undergoing obesity treatment recorded in the Swedish Childhood Obesity Treatment
Register (BORIS) between 1997 and 2020 and their general population comparators, linked
with national registers. Children in the cohort with obesity were aged 7 to 17 years at obesity
treatment initiation and had complete cardiometabolic data. General population comparators
were matched (ratio 1:5) based on sex, birth year, and residential area. Study data were
analyzed from February to March 2025.

EXPOSURES Exposures included metabolically healthy obesity (MHO), defined as the absence
of high blood pressure, impaired fasting glycemia, elevated transaminases, elevated
triglycerides, and low high-density lipoprotein cholesterol; otherwise, children were
categorized as having metabolically unhealthy obesity (MUO).

MAIN OUTCOMES AND MEASURES Type 2 diabetes, hypertension, dyslipidemia, and mortality
up to age 30 years.

RESULTS A total of 7275 children (median [first quartile {Q1}-third quartile {Q3}] age, 11.1
[9.1-13.5] years; 4004 male [55.0%]) were included, along with 35 636 general population
comparators (median [Q1-Q3] age, 11.1 [9.1-13.5] years; 19 596 male [55.0%]). MHO at baseline
was present in 3626 children (49.8%; median [Q1-Q3] age, 10.6 [8.8-12.8] years; 1981 male
[54.6%]), and MUO was present in 3649 children (50.2%; median [Q1-Q3] age, 11.6 [9.4-14.0]
years; 2023 male [55.4%]). By age 30 years, cumulative incidences were as follows: type 2
diabetes (MHO, 9.1%; MUO, 16.8%; general population, 0.5%), hypertension (MHO, 10.8%;
MUO, 18.3%; general population, 3.7%), and dyslipidemia (MHO, 5.3%; MUO, 12.7%; general
population, 0.9%). A reduction of at least 0.25 body mass index (BMI) z score was associated
with reduced incidence rate ratio (IRR) of type 2 diabetes (IRR, 0.22; 95% CI, 0.14-0.35),
hypertension (IRR, 0.56; 95% CI, 0.34-0.93), and dyslipidemia (IRR, 0.28; 95% CI,
0.14-0.57), with similar risk reduction for MHO and MUO.

CONCLUSIONS AND RELEVANCE Results of this cohort study reveal that a reduction in BMI z
score of at least 0.25 was associated with similar risk reductions for both MHO and MUO.
Children with MHO face a substantially increased cardiometabolic disease risk already as
young adults compared with the general population. Hence, obesity treatment should be
recommended for all children with obesity, regardless of initial metabolic status.
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O besity is a heterogeneous disease. For some individu-
als, obesity progresses rapidly with the occurrence of
several cardiometabolic comorbidities, whereas oth-

ers remain relatively free from such complications over time.
This heterogeneity contributes to varying perspectives on its
definition and management. Many organizations define
obesity as a disease and advocate for early treatment.1-3 Con-
trarily, other experts question whether obesity should be con-
sidered as a disease or treated unless comorbidities are
present.4,5 In addition, some argue that addressing stigma and
psychosocial factors should take precedence over weight loss.6

A crucial aspect of this debate concerns individuals with obe-
sity who do not exhibit overt metabolic abnormalities, some-
times classified as having metabolically healthy obesity (MHO),
as they are suggested to experience little to no increased risk of
morbidities.7 Consequently, weight loss in these individuals may
be considered unnecessary. Although this perspective has been
challenged,8 it has been proposed that weight-neutral support
can reduce stigma for individuals with obesity.6 To reconcile
these conflicting perspectives, a large group of experienced re-
searchers and clinicians, in collaboration with representatives
from patient organizations, formed a Lancet Commission to re-
define obesity.9 The commission proposed a classification sys-
tem that distinguishes between preclinical obesity, which is as-
sociated with minimal health risks and therefore rarely requires
treatment, and clinical obesity, which is a disease defined by ex-
cess adiposity in conjunction with specific comorbidities, in-
cluding but not limited to cardiometabolic comorbidities.9 The
commission suggests a similar framework for both children and
adults, with minor differences in criteria.

Already from childhood, obesity carries significantly
increased disease risks across a broad spectrum, from auto-
immune diseases, cancers, and cardiometabolic diseases to
psychosocial and cognitive issues.10-13 Metabolic risk mark-
ers such as impaired fasting glycemia and elevated trans-
aminases in childhood obesity are well known to increase
the risk of developing diseases such as type 2 diabetes.14,15

Recent studies16,17 have shown that not only a substantial
weight loss achieved through bariatric surgery in adoles-
cents but also a modest weight reduction through lifestyle
interventions in children and adolescents can significantly
reduce the risk of developing type 2 diabetes in young
adulthood.15,18 However, the long-term cardiometabolic risk
among children with obesity who do not exhibit signs of
metabolic dysfunction remains unclear.19 Furthermore, the
potential benefits of weight reduction in children with
MHO, particularly in terms of lowering the risk of future car-
diometabolic disease, are yet to be established. Elucidating
whether children with MHO need or benefit from obesity
treatment is crucial, as the implications of the evidence
would affect the treatment burden on affected children,
their families, and society. Therefore, the present study
aimed to
1. Compare the risk of type 2 diabetes, hypertension,

dyslipidemia, and mortality in young adulthood among 3
groups: children with obesity and normal cardiometa-
bolic risk markers (MHO), children with obesity and signs
of cardiometabolic risk (termed metabolically unhealthy

obesity [MUO]), and their peers from the general popula-
tion and

2. Compare the impact of a favorable response to lifestyle-
based obesity treatment on the disease risk between the
groups with MHO and MUO within the pediatric obesity
cohort.

Design and Methods
Study Design
A cohort study of children undergoing obesity treatment en-
rolled in the Swedish Childhood Obesity Treatment Register
(BORIS) from 1997 to 2020 and their general population com-
parators was conducted. In the obesity cohort, we included in-
dividuals with obesity who were aged 7 to 17 years at treatment
initiation and had complete cardiometabolic data (ie, blood pres-
sure, elevated alanine aminotransferases [ALT], fasting
glucose, high-density lipoprotein [HDL] cholesterol, and triglyc-
erides) within the first 3 months of obesity treatment. General
population comparators were matched (ratio 1:5) based on sex,
birth year, and residential area. Matching was performed with-
out replacement. We excluded individuals with genetic syn-
dromes related to obesity (eTable 1 in Supplement 1). In addi-
tion, when analyzing each outcome, outcome-specific exclusion
criteria were also applied (eTable 1 in Supplement 1). Partici-
pant race and ethnicity information is not collected in Swedish
national registers. As this study is based on register data, infor-
mation on race or ethnicity was, therefore, not available. The
study followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines and was
approved by the Regional ethical review board in Stockholm and
followed the Declaration of Helsinki.

The individuals were followed up from the first visit of obe-
sity treatment, or the corresponding matching date for the gen-
eral population comparators, until the event outcome, age
30 years, death, emigration, or the end of follow-up (July 2023),
whichever occurred first. The outcomes were type 2 diabe-
tes, hypertension, dyslipidemia, and mortality.

Variables
Obesity was measured using body mass index (BMI) z score,
which is standardized for age and sex, according to the Inter-
national Obesity Task Force.20 Within the obesity cohort, obe-
sity was categorized into class I, class II, and class III obesity,

Key Points
Question Do children with metabolically healthy obesity (MHO)
have an increased risk in long-term cardiometabolic outcomes?

Findings A cohort of 7275 children with obesity and 35 636
general population comparators found that, by age 30 years,
those with MHO had significantly higher cumulative incidences of
type 2 diabetes, hypertension, and dyslipidemia compared with
the general population. Weight loss was associated with lower risk
of cardiometabolic outcomes.

Meaning Results suggest that children with MHO have an
increased associated risk of cardiometabolic diseases up to young
adulthood; pediatric obesity treatment should be offered
regardless of metabolic status.
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corresponding to adult BMI of 30 to 34.9 (calculated as weight
in kilograms divided by height in meters squared), 35 to 39.9,
and greater than or equal to 40, respectively.

The exposure, MHO in the cohort with obesity was identi-
fied in patients who did not have high blood pressure, im-
paired fasting glycaemia, elevated ALT level, elevated triglyc-
erides, or low level of HDL cholesterol; otherwise, they were
classified as having MUO. High blood pressure was defined as
systolic and/or diastolic blood pressure greater than or equal to
the 95th percentile adjusted for sex, age, and height.21 Im-
paired fasting glycemia was defined as fasting glucose greater
than or equal to 110 mg/dL (to convert to millimoles per liter, mul-
tiply by 0.0555).22 Elevated ALT level was defined as ALT greater
than or equal to 52 U/L (to convert to microkatals per liter, mul-
tiply by 0.0167) in male children and ALT greater than or equal
to 44 U/L in female children.23,24 Elevated triglycerides were de-
fined as triglyceride levels greater than or equal to 100 mg/dL
(to convert to millimoles per liter, multiply by 0.0113) in chil-
dren aged 5 to 9 years or greater than or equal to130 mg/dL in
children aged 10 years or older. Low HDL cholesterol was
defined as an HDL level less than 40 mg/dL (to convert to mil-
limoles per liter, multiply by 0.0259).25 Additionally, we re-
peated the classification using lower thresholds for ALT
(≥26 U/L for males and ≥22 U/L for females)26 and fasting glu-
cose (≥100 mg/dL)27 to identify MHO in a sensitivity analysis.

The outcome, type 2 diabetes, was defined as a clinical
diagnosis in specialized care or the dispensing of antidia-
betic medications, according to predefined algorithms.15

Hypertension and dyslipidemia were similarly defined,
based on clinic al diagnoses in spec ial ized c are or
the dispensing of antihypertensive and lipid-lowering medi-
cations, respectively. The list of diagnosis based on
International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) codes and
medications based on Anatomical Therapeutic Chemical
codes to identify the outcomes are reported in eTable 2 in
Supplement 1.

Obesity treatment response was measured based on the
BMI z score change between the first and last visit among

individuals who underwent obesity treatment for at least 1 year.
Treatment response was categorized into 3 categories: BMI z
score reduction of 0.25 units or more, BMI z score increase of
0.25 units or more, and BMI z score change of less than 0.25
units in either direction.18

Data Sources
The primary data source was BORIS. This register records chil-
dren undergoing obesity treatment across Sweden in various
levels of health care, ranging from primary care to university
hospitals. Clinical data during obesity treatment (such as an-
thropometrics, blood pressure, laboratory test results) were col-
lected. The register was estimated to have 94% national cov-
erage in 2023. Details about BORIS are published elsewhere.28

The Total Population Register (1997-2020) was used to ob-
tain general population comparators for individuals in BORIS
and to obtain data on sex and migration. Other data sources
were the National Patient Register (1997-2023) to identify clini-
cal diagnosis and medical procedures in specialized care, the
National Prescribed Drug Register (2005-2023) to identify dis-
pensing medications at all health care level, and the Cause of
Death Register (1997-2023) to identify the occurrence and date
of death.

Statistical Analysis
Descriptive analyses are presented as proportion for
categorical variables and median (quartile 1 [Q1]-quartile 3
[Q3]) for continuous variables. Comparison of baseline char-
acteristics between groups was assessed using standardized
mean difference (SMD). Cumulative incidence of each
outcome was estimated using flexible parametric models,29

modeling the baseline hazard with restricted cubic splines.
The number of degrees of freedom (3-4) was selected for
each outcome based on model fit assessed using the bayes-
ian information criterion. Proportional hazard assumptions
were assessed based on Schoenfeld residuals and inspection
of log-log survival plots.

Adjusted incidence rate of each outcome was estimated
using Poisson regression with time split based on age into 5-year

Table 1. Characteristics of the Cohort With Obesity

Characteristic
Obesity cohort
(N = 7275) MUO (n = 3649) MHO (n = 3626) SMDa

Sex, No. (%)

Female 3271 (45.0) 1626 (44.6) 1645 (45.4)
−0.02

Male 4004 (55.0) 2023 (55.4) 1981 (54.6)

Age at baseline, median (Q1-Q3) 11.1 (9.1 to 13.5) 11.6 (9.4 to 14.0) 10.6 (8.8 to 12.8) 0.29

BMI z score, median (Q1-Q3) 2.75 (2.51 to 3.04) 2.82 (2.56 to 3.13) 2.68 (2.47 to 2.93) 0.36

Class I obesity, No. (%) 4603 (63.3) 2041 (55.9) 2562 (70.7)

Class II obesity, No. (%) 1953 (26.9) 1110 (30.4) 843 (23.2)

Class III obesity, No. (%) 719 (9.8) 498 (13.7) 221 (6.1)

SBP, median (Q1-Q3), mm Hg 113 (105 to 120) 117 (110 to 126) 110 (104 to 116) 0.78

DBP, median (Q1-Q3), mm Hg 67 (61 to 73) 70 (63 to 75) 65 (60 to 70) 0.47

Fasting glucose, median (Q1-Q3),
mg/dL

94 (88 to 99) 94 (88 to 100) 94 (88 to 97) 0.25

ALT, median (Q1-Q3), U/L 23 (19 to 32) 26 (20 to 41) 22 (17 to 28) 0.66

HDL-C, median (Q1-Q3), mg/dL 46 (39 to 54) 43 (35 to 50) 50 (43 to 58) −0.76

Triglycerides, median (Q1-Q3),
mg/dL

89 (62 to 124) 115 (80 to 159) 71 (53 to 89) 1.20

Abbreviations: ALT, alanine
aminotransferase; BMI, body mass
index; DBP, diastolic blood pressure;
HDL-C, high-density lipoprotein
cholesterol, MHO, metabolically
healthy obesity; MUO, metabolically
unhealthy obesity; Q, quartile; SBP,
systolic blood pressure; SMD,
standardized mean difference.

SI conversion factor: To convert
glucose to millimoles per liter,
multiply by 0.0555; ALT to
microkatals per liter, multiply by
0.0167; HDL-C to millimoles per liter,
multiply by 0.0259; triglycerides to
millimoles per liter, multiply by
0.0113.
a SMDs were calculated as (MHO −

MUO).

Long-Term Cardiometabolic Outcomes in Children With Obesity Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics Published online March 23, 2026 E3

Downloaded from jamanetwork.com by guest on 05/01/2026

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2026.0343?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2026.0343
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2026.0343


intervals. For each outcome, 2 models were applied. First, a
model adjusted for sex and age at baseline for the whole study
population. Second, a model adjusted for sex, age, and de-
gree of obesity at baseline for the obesity cohort. The inci-
dence rate per 10 000 person-year and its 95% CI were re-
ported. Poisson regression was also used to compare incidence
rates of each outcome between the groups with MHO and MUO
and the general population comparators and to assess whether
age at baseline modified these associations.

In a subgroup of individuals undergoing obesity treatment
for at least 1 year, the association between BMI z score change
and type 2 diabetes, hypertension, and dyslipidemia was as-
sessed using Poisson regression adjusted for sex, age, and de-
gree of obesity at baseline. Effect modification by degree of obe-
sityandMHOintheassociationwasassessed.Incidencerateratio
(IRR) and the 95% CI were reported. For all the regression analy-
ses incorporating degree of obesity, class II and class III obesity

were combined into a category due to limited statistical power.
Data analyses were performed from February to March 2025
using Stata, version 16 (StataCorp). All P values were 2-sided, and
P <.05 was considered statistically significant. Sensitivity analy-
ses of cumulative incidence of each outcome were conducted:
first, by excluding individuals who underwent bariatric sur-
gery during follow-up and second, by applying lower ALT and
fasting glucose threshold to identify MHO.

Results
Study Population
Among the 29 716 individuals in the cohort with obesity who
were linked to Swedish national registers, 7275 (median
[Q1-Q3] age, 11.1 [9.1-13.5] years; 3271 female [45.0%]; 4004
male [55.0%]) fulfilled the inclusion criteria, and 35 636 indi-

Figure. Line Graphs Showing Cumulative Incidence of Type 2 Diabetes, Hypertension, Dyslipidemia, and Premature Mortality From Age 10 to 30 Years
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Cumulative incidence (95% CI) of type 2 diabetes (A), hypertension (B),
dyslipidemia (C), and premature mortality (D) from age 10 to 30 years in
children with metabolic unhealthy obesity (MUO), metabolic healthy obesity

(MHO), and general population comparators. Note the different y-scale for
Figure 1D. Cumulative incidence was estimated using flexible parametric
survival models.
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viduals (median [Q1-Q3] age, 11.1 [9.1-13.5] years; 16 040 fe-
male [45.0%]; 19 596 male [55.0%]) from the general popula-
tion were selected as comparators. The median (Q1-Q3)
duration of follow-up time was 8.3 (5.4-11.6) years. The me-
dian (Q1-Q3) age at the end of follow-up date was 19.5 (16.3-
23.1) years. Baseline characteristics of included and excluded
participants are reported in eTable 3 in Supplement 1.

Of individuals with obesity, 3626 children (49.8%;
median [Q1-Q3] age, 10.6 [8.8-12.8] years; 1645 female [45.4%];
1981 male [54.6%]) had MHO at obesity treatment initiation.
MUO was present in 3649 children (50.2%; median [Q1-Q3] age,
11.6 [9.4-14.0] years; 1626 female [44.6%]; 2023 male [55.4%]).
By age group at baseline, the prevalence of MHO was 59.6%
in children aged 7 to 8.9 years, 51.8% in children aged 9 to 12.9
years, and 40.1% in those aged 13 years or older. Of individu-
als with MUO, the prevalence of elevated blood pressure at
baseline was 33.6%, impaired fasting glycemia 9.0%,
elevated ALT level 19.4%, low HDL level 28.7%, and elevated
triglyceride level 53.4%. Characteristics of the obesity cohort
are shown in Table 1.

Incidence of Type 2 Diabetes, Hypertension, Dyslipidemia,
and Mortality in MUO, MHO, and the General Population
By age 30 years, in the groups with MUO, MHO, and the general
population, the cumulative incidence of type 2 diabetes was
16.8%, 9.1%, and 0.5%, respectively; the cumulative incidence
of hypertension was 18.3%, 10.8%, and 3.7%, respectively; the
cumulativeincidenceofdyslipidemiawas12.7%,5.3%,and0.9%,
respectively; and the cumulative incidence of premature mor-
talitywas0.8%,0.3%,and0.4%,respectively(Figure). Intheobe-
sity cohort, the risk for type 2 diabetes, hypertension, and
dyslipidemia in the groups with MHO and MUO did not differ
by age at obesity treatment initiation (P for interaction = .29 for
type 2 diabetes, P for interaction = .11 for hypertension, and P

for interaction = .22 for dyslipidemia). eFigures 1 and 2 in
Supplement 1 show the risk of the investigated outcomes in in-
dividuals starting obesity treatment at age 7 to 11 years and 12
to 17 years, separately.

In line with the cumulative incidence between groups, the
cohort with MHO had higher adjusted incidence rate of
type 2 diabetes, hypertension, and dyslipidemia compared with
their general population comparators (type 2 diabetes, 36.2; 95%
CI, 29.3-43.0 vs 2.1; 95% CI, 1.6-2.6; P < .001; hypertension, 23.2;
95% CI, 17.7-28.9 vs 8.1; 95% CI, 7.1-9.1; P < .001; dyslipidemia,
11.4; 95% CI, 7.6-15.2 vs 1.9; 95% CI, 1.5-2.5; P < .001) (Table 2).
Adjusted analyses stratified by age at treatment initiation are
presented in eTable 4 in Supplement 1. The incidence rate of pre-
mature mortality in MHO (1.0; 95% CI, 0.1-2.1 per 10 000 person-
years) did not differ from that of the general population com-
parators (1.9; 95% CI, 1.5-2.5 per 10 000 person-years) (Table 2).

In the adjusted model for premature mortality (Table 3),
the adjusted IRR for class II and class III obesity was 5.52 (95%
CI, 1.49-20.51), whereas the adjusted IRR for MUO was 2.18
(95% CI, 0.59-8.10). A similar pattern of higher IRRs for obe-
sity class compared with MUO was observed for the outcome
of type 2 diabetes but not for hypertension or dyslipidemia
(Table 3).

Association Between Response to Pediatric Obesity
Treatment and the Risk of Investigated Outcomes
The association between pediatric obesity treatment and
type 2 diabetes, hypertension, and dyslipidemia was
assessed in a subgroup of individuals in the obesity cohort
who underwent treatment for at least 1 year (n = 2532).
Reduction in BMI z score of at least 0.25 units was associ-
ated with lower risk of type 2 diabetes (adjusted IRR, 0.22;
95% CI, 0.14-0.35), hypertension (adjusted IRR, 0.56; 95%
CI, 0.34-0.93), and dyslipidemia (adjusted IRR, 0.28; 95%

Table 2. Adjusted Incidence Rate of Type 2 Diabetes, Hypertension, Dyslipidemia, and Mortality
per 10 000 Person-Years During Age 10 to 30 Years in MUO, MHO, and General Population Comparatorsa,b

Outcome No./total No.

IR per 10 000 person-years

Adjusted (1)c Adjusted (2)d

Type 2 diabetes

MUO 221/3624 68.8 (59.7-77.9) 64.2 (55.6-72.8)

MHO 107/3602 36.2 (29.3-43.0) 39.1 (31.6-46.6)

General population comparators 64/35 362 2.1 (1.6-2.6)

Hypertension

MUO 147/3556 44.6 (37.3-51.9) 43.1 (36.0-50.2)

MHO 68/3586 23.2 (17.7-28.9) 24.2 (18.4-30.0)

General population comparators 254/35 469 8.1 (7.1-9.1)

Dyslipidemia

MUO 112/3644 33.7 (27.3-39.9) 32.5 (26.3-38.6)

MHO 35/3621 11.4 (7.6-15.2) 11.9 (7.9-15.9)

General population comparators 62/35 619 1.9 (1.5-2.5)

Mortality

MUO 10/3648 2.9 (1.1-4.8) 2.5 (0.9-4.0)

MHO 3/3626 1.0 (0.1-2.1) 1.1 (0.1-2.3)

General population comparators 47/35 633 1.5 (1.1-1.9)

Abbreviations: IR, incidence rate;
MHO, metabolically healthy obesity;
MUO, metabolically unhealthy
obesity.
a Within the obesity cohort, number

of individuals having at least 1
cardiometabolic disorder were 196
individuals in MHO group and 401
individuals in MUO group.

b Incidence rate was estimated using
Poisson regression. Stratified
analyses for the outcome of
premature mortality were not
performed due to limited number of
individuals with the outcome.

c Adjusted (1): model was adjusted for
sex and age at baseline.

d Adjusted (2): model was adjusted
for sex, age at baseline, and degree
of obesity in the obesity cohort.
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CI, 0.14-0.57), compared with the group with increased BMI
z score as the reference. The association between treatment
response and the outcomes did not differ between MHO and
MUO (P for interaction = .13), or between obesity class (P for
interaction = .59).

Additionally, a BMI z score change of less than 0.25 units
in either direction was also associated with lower risk of type
2 diabetes (adjusted IRR, 0.51; 95% CI, 0.37-0.70), hyperten-
sion (adjusted IRR, 0.57; 95% CI, 0.36-0.90), and dyslipid-
emia (adjusted IRR, 0.51; 95% CI, 0.30-0.86), compared with
the group with an increase of 0.25 BMI z score units or more.

Sensitivity Analyses
After excluding individuals who underwent bariatric surgery
during follow-up time (n = 183), the cumulative incidence of
type 2 diabetes, hypertension, dyslipidemia, and premature
mortality in MUO, MHO, and general population comparators
was similar as the main results (eFigure 3 in Supplement 1).
Likewise, when lower thresholds of ALT and fasting glucose
were applied to define MHO, the patterns of cumulative inci-
dence remained consistent with the main findings (eFigure 4
in Supplement 1).

Discussion
This cohort study confirms the association between obesity in
children aged 7 to 17 years and the development of type 2 dia-
betes, hypertension, and dyslipidemia disease before 30 years
of age. Although children with MHO had a lower risk than those
with MUO to develop the outcomes, they still faced a substan-
tial higher risk than their peers in the general population. Ad-
ditionally, obesity itself has a major impact, as even the group
with obesity class I and no metabolic disturbances at baseline
had a markedly enhanced risk of the outcomes in young adult-
hood compared with the general population comparators.
However, during adolescence, the absolute risk of the
outcomes remains modest, consistent with evidence that obe-
sity-related comorbidities may take decades to manifest.11

Furthermore, although we have previously shown that weight
loss over 1 to 2 years of obesity treatment reduces the long-
term risk of cardiometabolic diseases,18 the present study found
that groups with MUO and MHO had similar a long-term pro-
tective effect of weight loss during childhood on their future
risk of type 2 diabetes, hypertension, and dyslipidemia.

In adults, MHO is defined as obesity in the absence of
metabolic aberrations30 and has been suggested to have a

minimal risk of obesity-related conditions.31 However, MHO
has been demonstrated as a transient state, and within 10
years, the risk of cardiometabolic diseases is higher for MHO
compared with normal-weight individuals.32 Despite that,
the Lancet Commission concluded that individuals with
obesity but without apparent organ dysfunction had suffi-
ciently low medical risks that obesity treatment was gener-
ally not warranted.9

There is a marked variation in the long-term develop-
ment of obesity-related morbidities among individuals with
obesity. A considerable proportion of adults with obesity do
not develop obesity-related diseases within 10 to 20 years of
follow-up.33 A similar pattern has been observed in children.34

However, it remains challenging to predict which individuals
are at low risk and may derive limited health benefits from
weight reduction. Although currently used metabolic risk
markers can offer some indications, they are not sufficient to
discriminate between healthy and unhealthy obesity among
children and adolescents with obesity. Exploring predictive
markers for progression from MHO to MUO would be an im-
portant research area. Using precision medicine tools, we will
most likely be able to identify children with truly low-risk obe-
sity in the future.

Age appears to play a crucial role in the association be-
tween MHO and the progression of obesity-related diseases.
Young adults with MHO have an increased risk of cardiovas-
cular diseases compared with the general population, al-
though this risk is considerably lower than for those with
MUO.14,15 Conversely, middle-aged adults with MHO have been
observed to have a slightly better life expectancy in later life
than adults with normal weight.35 The present study indi-
cates that even in the absence of early metabolic distur-
bances, children with obesity still face a markedly elevated
long-term risk for cardiometabolic diseases compared with the
general population. Although the future risk of cardiometa-
bolic diseases varies among those with and without affected
metabolic markers, the most substantial difference is ob-
served when comparing the pediatric obesity cohort with their
peers in the general population.

Strengths and Limitations
We have used real-world individual-level Swedish nationwide
data with follow-up spanning from childhood to adulthood. This
strengthens the internal and external validity of the findings.
Nevertheless, this study has some limitations. The outcomes in-
vestigated (apart from mortality) are clinically silent condi-
tions, and the present study is restricted to cases that have been

Table 3. Metabolically Unhealthy Obesity and Degree of Obesity in Relation to the Outcomes Within the Obesity Cohort

Obesity type

Type 2 diabetes Hypertension Dyslipidemia Mortality

IRR (95% CI) P value IRR (95% CI) P value IRR (95% CI) P value IRR (95% CI) P value
MUO (MHO)a 1.65 (1.30-2.09) <.001 1.78 (1.32-2.38) <.001 2.75 (1.87-4.05) <.001 2.18 (0.59-8.10) .24

Class II and III obesity
(vs class I obesity)b

2.67 (2.12-3.36) <.001 1.89 (1.43-2.49) <.001 1.61 (1.16-2.25) <.001 5.52 (1.49-20.51) .01

Abbreviations: IRR, incidence rate ratio; MHO, metabolically healthy obesity;
MUO, metabolically unhealthy obesity.
a IRR was estimated using Poisson regression adjusted for sex, age, and degree

of obesity at baseline.
b IRR was estimated using Poisson regression adjusted for sex, age, and MUO at

baseline.
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diagnosed or treated. Moreover, data on the occurrence and tim-
ing of transitions from MHO to MUO before outcomes were lack-
ing. Additionally, only a small portion of the children in the co-
hort reached the age of 30 years, which limits the ability to
capture later-onset of the outcome events. The small number
of mortality events reduce precision and should be interpreted
carefully. Furthermore, as height and weight data from the gen-
eral population were lacking, this group should not be inter-
preted as a normal weight group, but rather as reflecting the
full BMI distribution of the general population. Therefore, the
effects of obesity on future health may be underestimated. In
addition, data on weight development in adulthood was not
available.

Conclusions

In conclusion, in this cohort study, results suggest that chil-
dren aged 7 to 17 years with metabolically healthy obesity at
treatment initiation have an increased associated long-term
risk of type 2 diabetes, hypertension, and dyslipidemia com-
pared with their peers in the general population. Reduction in
BMI z score in pediatric obesity treatment was associated with
reduced cardiometabolic risk in children with metabolically
healthy and unhealthy obesity to the same extent. Therefore,
treatment should also be recommended for children with obe-
sity who appear metabolically healthy.
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